A non-Streptomyces actinomycete, designated as strain S265
The genus Saccharomonospora was proposed by Nonomura and Ohara [1] to describe the actinomycetes belonging to the family Pseudonocardiaceae with single or paired spores on aerial hyphae. The aerial mycelium is generally well developed. The colour of the aerial mycelium ranges from green to blue, with a few exceptions where certain strains develop white, orange-white or yellow-white mycelium. The cell wall contains meso-diaminopimelic acid (DAP), arabinose and galactose (wall chemotype IV) [2] . Major amounts of iso-and anteiso-branched fatty acids, phosphatidylethanolamine and isoprenoid quinones [MK-9(H 4 )] are also considered as chemical markers for the characterization of species of the genus Saccharomonospora. Members of the genus Saccharomonospora are either mesophilic, thermophilic or halophilic. They are therefore plentiful in number at the thermophilic phase of various composting systems in the environment [3] . Besides that, some strains representing the genus Saccharomonospora are known as the producers of bioactive compounds such as thermoviridin (antibacterial), piericidin A 3 and saccharonol B (anticancer), and lodopyridone (anticancer) [4] [5] [6] . At present, the genus Saccharomonospora is composed of 12 species with validly published names, namely Saccharomonospora amisosensis [7] , S. azurea [8] , S. cyanea [9] , S. glauca [10] , S. halophila [11] , S. marina [12] , S. oceani [13] , S. paurometabolica [14] , S. saliphila [15] , S. viridis [10] , S. xinjiangensis [16] and S. xiaoerkulensis [17] .
A soil sample was collected from the rhizosphere of an elephant ear plant (Colocasia esculenta) in Bangmod district, Jomthong, Bangkok, Thailand. Strain S265
T was obtained by a selective isolation, which was carried out with a dryheated sample (120 C, 1 h) [18] . Ten-fold serially diluted soil suspensions were plated on humic acid-vitamin agar [19] supplemented with nalidixic acid (25 µg ml
À1
) and cycloheximide (50 µg ml C. Biomass for chemotaxonomic analysis and molecular systematics was harvested by centrifugation after cultivation for 4 days at 28 C in tryptic soy broth (TSB; Difco). Freeze-dried cells were then prepared and used for the chemotaxonomic studies.
Total genomic DNA of strain S265
T was extracted using a sonication method [21] . An almost-complete 16S rRNA gene (1378 bp) of the strain was amplified by a PCR thermal cycler with three pairs of universal sequencing primers as follows: 11F (5¢ AGTTTGATCATGGCTCAG 3¢) and 925R (5¢ CGTCAATTCATTTGAGTT 3¢), 520F (5¢ CGTCAA TTCATTTGAGTT 3¢) and 1115R (5¢ AGGGTTGCGCTCG TTG 3¢), and 685F (5¢ GTAGCGGTGAAATGCGTA 3¢) and 1510R (5¢ GGTTACCTTGTTACGACT 3¢) before sequencing was performed and detected by an automated sequencer (31030 Genetic analyser, Applied Biosystems) as stated by Tajima et al. [22] . The values of pairwise sequence similarities between the isolate and available reference strains were computed at the EzBioCloud server [23] . Evolutionary trees were reconstructed by the neighbour-joining [24] , maximum-parsimony [25] and maximum-likelihood [26] tree-making algorithms using the MEGA 6 software [27] . The neighbour-joining and maximum-likelihood trees were computed with the maximum composite likelihood and Tamura-Nei models, respectively [28, 29] . Gap positions and missing data were disregarded for the maximumparsimony tree. A bootstrap test with 1000 replicates was used to evaluate the topologies of the resultant trees [30] . Based on pairwise comparison of the nearly complete 16S rRNA gene sequences, the similarity values between the isolate and the type strains of members of the genus Saccharomonospora ranged from 95. 5 (Fig. 1) . The phylogenetic relationships were also supported by the maximum-parsimony and maximum-likelihood trees as shown in Figs S1 and S2 (available in the online Supplementary Material), respectively.
Chemotaxonomic characteristics of strain S265
T were determined by adopting several methods. Through the TLC technique, both the DAP isomer and sugars within the whole-cell hydrolysate were detected on cellulose plates, which were developed following the procedures detailed by Staneck and Roberts [31] . The N-acyl type of muramic acid in the peptidoglycan was identified following the method of Uchida and Aida [32] . Methyl ester derivatives were prepared and developed by TLC in order to determine the presence of mycolic acid [33] . The protocol proposed by Collins et al. [34] was executed for the extraction of isoprenoid quinones from dried biomass. The preparation was then analysed by liquid chromatography/mass spectrometry (JMS-T100LP, JEOL) with a CAPCELL PAK C18 UG120 column (Shiseido) using methanol/isopropanol (7 : 3, v/v) and UV detection at 270 nm. Polar lipids of the organism were extracted and visualized on silica gel TLC plates by using phosphomolybdic acid, ninhydrin and Dragendorff
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Saccharomonospora cyanea NA-134 reagent, for the detection of different phospholipids [35, 36] . The results for cellular fatty acid compositions were obtained by qualitative and quantitative analyses of fatty acid methyl esters, which were originally acquired via direct transmethylation of fatty acids, on a Hewlett Packard 6890 (Agilent Technologies) gas chromatograph assisted by the ACTIN6 database, as stated in the guidelines of the Sherlock Microbial Identification System (Microbial ID; MIDI, version 6.0). The extraction and purification of chromosomal DNA for the analysis of DNA G+C content were carried out according to the method of Saito and Miura [37] . The sample prepared was then subjected to HPLC analysis in accordance with the method of Tamaoka and Komagata [38] .
The whole-organism hydrolysate of strain S265
T contained meso-DAP as the cell-wall diamino acid, and arabinose and galactose as diagnostic whole-cell sugars, corresponding to the sugar pattern A [39] . Small traces of glucose and ribose were also detected (Fig. S3) . It contained N-acetylmuramic acid in the peptidoglycan, and mycolic acids were not detected. The predominant menaquinones were tetrahydrogenated menaquinone with nine isoprene units [MK-9(H 4 )] and the one with eight isoprene units [MK-8(H 4 )], accounting for 84 and 16 %, respectively. Phosphatidylethanolamine and diphosphatidylglycerol were found as major polar lipids (Fig. S4) . The cellular fatty acid profile (Table 1) T exhibited 69 mol% DNA G+C content. All of these properties are consistent with the typical chemotaxonomic features of the genus Saccharomonospora [3] . The isolate therefore belongs to the genus Saccharomonospora according to the phylogenetic and chemotaxonomic results.
Cultural characteristics of isolate S265
T were investigated after cultivation for 2 weeks at 27 C on standard media, including yeast extract-malt extract [International Streptomyces Project (ISP) 2; Difco], oatmeal (ISP 3), inorganic salts-starch (ISP 4; Difco), glycerol-asparagine (ISP 5), peptone-yeast extract-iron (ISP 6) and tyrosine (ISP 7) agars [20] , and three additional media, namely glucose-asparagine [40] , calcium malate [40] Table S1 . Strain S265
T showed moderate growth on ISP 2, ISP 3 and ISP 4, poor growth on ISP 5, ISP 7, glucose-asparagine, calcium malate and nutrient agars, and no growth on ISP 6. The colour of substrate mycelium varied from yellow to grey, and brownish grey to green colours were observed on the reverse side of colonies on ISP 2 and nutrient agar plates. Green or white aerial mass was produced abundantly on ISP 2, ISP 3 and nutrient agar. Soluble pigment was not observed. When compared with the other closely related strains, the ability to grow, especially on ISP 6 and nutrient agar, was poorer. In addition, the formation of green aerial mycelium on ISP 2, ISP 4 and nutrient agar separated isolate S265
T from those relatives (Table S1 ).
The morphology after 18 days of cultivation at 27 C on ISP 7 and nutrient agars was observed by a scanning electron microscope (JSM-5610, JEOL). The isolate produced monospores on aerial mycelium. They were spherical in shape with a wrinkled surface and diameter of approximately 0.8-0.9 µm (Fig. 2) . Utilization of sole carbon sources was examined by growth on ISP 9 [20] as the basal medium, supplemented with different carbon sources at a final concentration of 1 % (w/v). Strain S265
T was capable of utilizing arabinose, glucose, maltose, mannose, melibiose, raffinose, rhamnose and sucrose as sole carbon sources, but it did not grow with cellulose, fructose, lactose or mannitol. The determination of starch hydrolysis, hydrogen sulphide production, melanin production, nitrate reduction and gelatin degradation was performed using the following media: ISP 4, ISP 6, ISP 7, ISP 8 and peptone-glucose-gelatin (2.0 % glucose, 0.5 % peptone, 20 % gelatin, pH 7.0), respectively. Isolate S265
T and the other three relatives were all negative for starch hydrolysis, hydrogen sulphide production and melanin production. As for nitrate reduction, both strain S265 T and S. viridis NBRC 12207
T had negative nitrate reductase activity, whereas the other two strains were positive. The inability to liquefy gelatin was one of the properties distinguishing the novel isolate from the reference strains, which showed positive results.
Growth at a temperature gradient regime of 10-60 C (TN-2148, Advantec) and at a pH range of pH 4-10 with 1 pH unit intervals was recorded on ISP 2 after 14 days of incubation. Isolate S265
T could grow at temperatures between 19 and 52 C, with optimal growth at 27-35 C. This optimum temperature range for growth was distinct from those of the reference strains (37 C for S. viridis NBRC 12207 T and S. azurea NBRC 14651 T , and 50 C for S. glauca NBRC 14831 T ). It grew in the range of pH 7-9, bearing a similarity to S. viridis NBRC 12207 T ; however, the other two related type strains were also able to grow at pH 6. In addition, tolerance to the presence of NaCl at 5, 7, 10 and 20 % (w/v) and antibiotic resistance to 10 µg ml À1 and 50 µg ml À1 of ampicillin, kanamycin, chloramphenicol, apramycin, tetracycline and thiostreptone were tested using ISP 2 incubated for 2 weeks at optimum temperature. Strain S265 T and S. azurea NBRC 14651 T grew in the presence of up to 7 % NaCl (w/v). Strain S265 T was susceptible towards almost all the antibiotics tested at 10 µg ml
À1
, except for ampicillin (50 µg ml À1 ) to which it was found to be resistant. Such a sensitivity pattern was identical to that of S. viridis NBRC 12207 T (Table 2) .
Fluorometric DNA-DNA hybridization (DDH) was conducted by a photobiotin-labelling approach in microdilution wells using the genomic DNA used in the analysis of DNA G+C content [42] . The isolate showed DDH relatedness scores of 7-16 %, 14-29 % and 28-50 % with S. viridis NBRC 12207 T , S. glauca NBRC 14831 T and S. azurea NBRC 14651 T , respectively, from three independent experiments. All the values were clearly below the cut-off level of 70 % for the delineation of species [43] , indicating that strain S265 T is differentiated from the closely related species.
Although the chemotaxonomic, morphological and phylogenetic characteristics of strain S265
T were in good agreement with those of the genus Saccharomonospora, there were a number of physiological traits distinguishing the isolate from the closely related species. Those included carbon utilization, nitrate reduction, gelatin liquefaction, growth temperature and pH, tolerance to NaCl and antibiotic resistance profiles. Furthermore, the cultural features of strain S265
T , i.e. growth level and colour of both substrate and sporulation mycelia on standard media, were also different from those of its reference strains to some extent. The molecular studies by 16S rRNA gene sequence based phylogeny and DDH experiments served to reinforce the distinct separation between the novel isolate and the other relatives as well, especially the nearest phylogenetic neighbour S. azurea NBRC 14651
T . Therefore, strain S265 T should be classified as the type strain of a novel species of the genus Saccharomonospora, for which the name Saccharomonospora colocasiae sp. nov. is proposed. T . All tests were conducted in duplicate. +, Positive; À, negative; +/À, weakly positive. All strains were positive for utilization of D-glucose and maltose. All strains were negative for the utilization of cellulose, starch hydrolysis, hydrogen sulphide production and melanin production, and showed antibiotic resistance towards ampicillin at 50 µg ml À1 and susceptibility towards chloramphenicol, apramycin and tetracycline at 10 µg ml À1 .
Characteristic 1 2 3 4
Growth on sole carbon source at 1.0 %, w/v Growth in NaCl (%, w/v) † 0-7 (5)
Antibiotic resistance (10 µg ml
À1
, 50 µg ml C), at pH 7-9 and in the presence of up to 7 % NaCl (w/v). Susceptible to kanamycin, chloramphenicol, apramycin, tetracycline and thiostreptone at 10 µg ml The type strain, S265
T (=TBRC 7235 T =NBRC 112945 T ), was isolated from the rhizosphere of Colocasia esculenta that had been collected from Bangmod district, Jomthong, Bangkok, Thailand. The DNA G+C content of the type strain is 69 mol%.
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